We have analyzed the anisotropy of acoustooptic figure of merit M 2 for KH 2 PO 4 crystals. Basing on our results, the highest M 2 coefficient, 7.1×10 -15 s 3 /kg, is achieved for the case of isotropic acoustooptic interaction. Then the optical wave, which is polarized in the XY plane and propagates along the direction [-110], interacts with the longitudinal acoustic wave propagating in the same plane along [110]. For the case of anisotropic interactions, the maximum M 2 value is smaller, 5.3×10 -15 s 3 /kg. Then the slow transverse acoustic wave propagating in the XZ or YZ planes close to the X axis interacts with the optical wave propagating close to the optic axis.
Introduction
KH 2 PO 4 (or simply KDP) crystals are widely known as an efficient electrooptic and nonlinear optic material. At the room temperature these crystals belong to tetragonal system, being characterized with the point symmetry group 42m . Below the Curie point T C = 122 K, KDP manifests a ferroelectric phase transition with the change of point symmetry 42m mm2 F [1] .
High electrooptic and nonlinear optical parameters of KDP, together with its wide transparency range stretching deep into the ultraviolet region, stipulates its applications for laser frequency conversion, electrooptic modulation and optical switching in different spectral regions. The ability of KDP to withstand repeated exposures of high-power laser radiation, without damages, strains or subsequent inhomogeneities in the refractive index, allows for its use for operating high-pulse laser energies [2, 3] . Actually, the nonlinear optical cells that utilize the KDP crystals seem to remain the only solution for the harmonics generation with the highest-intensity femtosecond Ti:sapphire lasers generating wide (> 30 mm) diameter beams and sub-terawatt or even terawatt peak power pulses [4] [5] [6] [7] [8] .
Recently acoustooptic (AO) properties of KDP have attracted considerable attention associated with its utilization as a material for tunable AO filters [9] [10] [11] [12] , including those that work in the ultraviolet region. The devices of this type are used in many branches of technology and science, in particular in the LIDAR systems for monitoring ozone layer state and atmosphere pollution level [13] [14] [15] [16] [17] . It is known that AO figure of merit (AOFM) of a material is the main parameter that determines the efficiency of AO device based on that material. Unfortunately, the AOFM of the KDP crystals (4.6×10 -15 s 3 /kg) is not high enough if compared with the known AO crystals [11, 18] . On the other hand, we believe that the knowledge about the anisotropy of acoustic, elastooptic and elastic properties of any crystalline material can enable a conspicuous increase in its AOFM and so improving of the efficiency of AO devices based on this working material As far as we know, there is little information about this anisotropy for KDP. All of the data available in the literature have dealt with the properties only in the principal crystallographic planes.
Recently we have developed a general method that allows for determining those directions of propagation and polarization of the optical and acoustic waves (AWs) which ensure maximal AOFM magnitudes [19] [20] [21] [22] [23] [24] [25] . In particular, TeO 2 , LiNbO 3 , -BaB 2 O 4 , NaBi(MoO 4 ) 2 and some others crystals have been studied as examples.
In the present work we analyze the AOFM anisotropy for the KDP crystals and search for the geometries of AO interactions that reveal the highest AOFMs.
Background of the analytical analysis
KDP crystals are optically uniaxial and negative (n o = 1.5073 and n e = 1.4668 [26] ) at the room temperature. As for the materials belonging to the point symmetries 4/mmm, 422, 42m and 4mm, the elastic stiffness tensor for KDP contains six independent components 11 
To study the anisotropy of AOFM for the KDP crystals, we use the method developed in our recent works [19, 20, 24, 28] . In frame of this method, the anisotropy of AOFM is analyzed issuing from the anisotropy of acoustic and elastooptic properties of a material, using the wellknown relation [29] 
In Eq. (1) [20, 21] . The anisotropy of the acoustic wave velocities can be analyzed basing on a standard Christoffel equation [31] ,
where ijkl C , m j and l p denote the components of the elastic stiffness tensor, the unit wave vector of the AW and the unit displacement vector, respectively. The phase velocities are given by the eigenvalues of Eq. (1). It follows from Eq. (1) that three AWs with mutually orthogonal displacement vectors can propagate along a given direction. In order to study the anisotropy of the acoustic properties, it is necessary to consider the anisotropy of these properties in the main ZX crystallographic plane, which will be taken below as the starting interaction plane of the optical and acoustic wave. After that we rotate our interaction plane around Z and X axis (see, e.g., Refs. [23] [24] [25] ). For the interaction planes rotated by some angle Z  around the Z axis or by X  around the X axis (i.e., in the new coordinate system X Y Z   ), the structure of the elastic stiffness tensor is changed. The actual components of this tensor can be determined after rewriting it in the new coordinate system, according to a known procedure [27] . Then the Christoffel tensor becomes more complicated and the AW velocities can be obtained using standard numeric techniques.
Notice that, for all of the point groups 4/mmm, 422, 42m and 4mm, the coordinate system XYZ is associated with the eigenvectors of the optical impermeability tensor, which coincides with the crystallographic system abc.
For efficient practical applications of AO materials, it is also important to know the obliquity of the acoustic energy-flow direction with respect to the AW vector. In the principal crystallographic planes , the angle between the directions of the energy flow and the AW vector can be calculated as [32] 
where      ,  is the angle between the principal axis (e.g., the X axis) and the AW vector,  the angle between the crystallographic axis and the acoustic energy flow direction, and ( ) v  the AW velocity specified for the propagation direction under interest. Finally, the changes ( )   in the AW velocity caused by changing propagation direction can also be obtained from the Christoffel equation.
In our calculations we have used the elastic stiffness coefficients of KDP obtained in the study [33] 
Results and discussions

Acoustic anisotropy for KDP crystals
As seen from Fig. 1 , KDP reveals strong anisotropy of its acoustic properties in the principal crystallographic planes. An interesting feature is that the velocities of the transverse and longitudinal AWs, which propagate in the XY plane along the direction inclined by 45 deg with respect to the principal crystallographic axes a or b, are very close though not equal. This can be understood from the dependences of AW velocities on the AW vector orientation in the XY plane :   2   2  2  2  2  11  66  12  66  2 11 66
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where  is the angle between the AW vector and the X axis in the XZ plane, i.e. the angle of rotation of the AW vector around the Y axis. Eqs. (6) 
The resulting difference between the velocities of the transverse and longitudinal
AWs is about 1.7%. Notice that a similar angular dependence of the AW velocities on the direction of wave propagation has earlier been observed in the TeO 2 crystals [27] . Fig. 1b shows intersections of the indicative acoustic velocity surfaces for the two quasitransverse AWs propagating at an angles 18.35° + i90° and 71.65° + i90° (i = 0, 1, 2, 3) deg to the X axis in the principal plane XY plane. Note that the velocities of these waves are equal when they propagate along the Z axis (see Fig. 1a) . Thus, the so-called acoustic axes for the quasitransverse AWs lie in the four planes which contain the Z axis and are rotated around it by the angles mentioned above. We have found that the KDP crystals can manifest significant deviations Δ of the acoustic energy flow from the wave vector (see Fig. 2 ). In the principal crystallographic plane XY, the maximum obliquity for the wave QL amounts to Δ = 37.11 deg and corresponds to the angle  = 43 deg with respect to the X axis. For the QT 2 and QT 1 waves we have respectively Δ = ±57 deg (XY plane;  = 16 or 74 deg from the X axis) and Δ = -35.4 deg (the XZ plane; Θ = 70 deg from the X axis). The obliquity angle is equal to zero when the QT 1 wave propagates in the XY plane. The group velocities differ for the transverse AWs propagating along the directions that correspond to the acoustic axes, since the obliquity angles are then different (see Fig. 2b ). It is worthwhile to note that our results obtained for the XZ plane agree well with the data presented in Ref. [35] . 
Acousto-optic anisotropy for KDP crystals
Let us consider the isotropic AO interaction of the quasi-longitudinal AW 11
the XZ plane with the incident optical wave of which electric displacement vector is given by the ordinary wave polarization (a so-called type I of AO interactions). Fig. 3 shows dependences of the EEC, the AW slowness and the AOFM on the angular orientation X  of the AW vector with respect to the X axis. Note that hereafter we accept the condition B  = 1 deg for the isotropic diffraction. by the maxima found for the EEC and the AW slowness (see Fig. 3a, b) . . 1b ). The maximal AOFM is due to anisotropy of both the EEC and the AW slowness (see Fig. 5a, b) . . 1b ). The maximal AOFM is due to anisotropy of both the EEC and the AW slowness (see Fig. 5a, b) . Fig. 7 ). The maximal AOFM value is associated with the maximal EEC. Finally, the type VI of isotropic AO interactions, when the AW QT 2 is coupled with the extraordinary optical wave, is characterized by rather small AOFMs. The maximal value, 0.26  10 -15 s 3 /kg, is achieved in the ' XZ plane rotated around the X axis by 60 or 120 deg, under the condition that the angle X  with the X axis is equal to 179 or 359 deg (see Fig. 8 ). To compare our results in a systematic manner, we present all of our numeric data in Table 1  and Table 2 . The absolute maximum of AOFM is achieved for the isotropic AO interaction of optical waves with the longitudinal AW. Then the AW propagates in the XY plane along the bisector of the X and Y axes. For the case of anisotropic diffraction, the M 2 value is maximal when the optical wave with the incidence angle X  = 90 deg interacts with the transverse AW, and the AOFM obtained under the collinear diffraction is equal to 1.62  10 -15 s 3 /kg. It is peculiar for the interaction of slow shear AW propagating in the XZ plane with the optical wave that propagates in the same plane at the angle X  = 40 or 140 deg with respect to the X axis.
